Following Ayres treatment (5), the optimum range of concentration for best accuracy extends from 0.04 to 0.5 mg nickel per ml of solution when 1-cm cells are used and optical density is measured at 510 m~. The relative analysis error per 1% absolute photometric error over this concentratlon range is 3.0%.
Introduction
In the spectrochemical analysis of plutonium, the toxicity and complex emission spectrum of the element must be considered. The carrier distillation method of Scribner and Mullin (1) mimmizes the spectral interference, but still presents a considerable health hazard. A preliminary separation of plutonium from the elements of analytical interest would reduce the health hazard and at the same time eliminate the spectral interference. Solvent extraction has been used for such a prehminary separation. Cupferron (ammonium phenylnitrosohydroxylamine) extraction (2) and T T A (thenoyl trlfluoroacetone) and hexone (methyl isobutyl ketone) extraction (3) have been applied at Hanford to the spectrographic analysis of plutonium.
Ion exchange should also be apphcable to such separations. The Canadians at Chalk River have made studies of the behavior of Pu IV on the anion exchange resin, Dowex-1. ( 4 -7 ) They have also used anion exchange techniques for the separation of plutonium from fuel element dissolver solutions (8) (9) (10) . Dowex-1 has also been used at Hanford (11) for the separation and purification of plutonium. Amon exchange separation as an analytical method for the determination of impurity elements m plutonium should, therefore, prove feasible. A preliminary study with zirconium as the impurity element was made and is reported here. The latter is prepared by adding known amounts of zirconium to a pure plutonium solution, taking the resulting solution through all the steps of the procedure, and plotting the zirconium-to-cobalt intensity ratios against concentration. The ion exchange column is readied for the next sample loading by washing plutonium off the resin with 25 ml of 0.35 M HNO3 and finally passing 6 m'l of 7.2 HNOa through.
Reagents and Materials

Experimental
Cobalt is not the best internal standard for zirconium. It has a different volatility rate as judged by ~ts boiling point of 2900°C as compared to that of zirconium of 5050°C. Cobalt 3453.5 A is an atom line, while zirconium 3438.2 A is an ion line. Its excitation potential (4.0 v) however, is not too different from that of zirconium (3.68 v). In addition, since cobalt is a good internal standard for other impurity elements in plutonium, ,t is used as the internal standard for zirconium as well. Cobalt also follows zirconium through the ion exchange step. In a recovery experiment, the zirconium-to-cobalt intensity ratio of the influent was 1.35; that of the effluent, 1.32.
Concentrations of zirconium as small as 20 parts per million have been determined with a precision of ± 1 7 % (95% confidence level for a single measurement). The precision was estimated from 13 determinations made on standard solutions taken through the ion exchange procedure. The accuracy of the method is well within the precision attainable as shown by the data in Table I . 
Discussion
Anion exchange provides an excellent method for separating most elements from plutonium since Pu IV forms an aniomc nitrate complex (12) while few other elements do. Besides plutonium, divalent silver (13) , ceric (14 -17) , and thorium (12) nitrate complexes have been reported. In high nitrate concentrations (above 4.6 M), Pu IV is complexed and probably exists as P u ( N O~) 6 = (12), although Pu (NO3)~--has also been reported as the species existing in 7.5 M HNOz (4) .
The work at Chalk River and Hanford have shown that maximum absorptmn of Pu IV on Dowex 1 occurs between 7 and 8 M HNO3 and that plutonium may be eluted by reducing the nitrate concentration to the point where anionic complexing no longer occurs. The optimum conditions for column operation found by Ryan (11) at Hanford were also used in this work.
The disoluuon with HC1 leaves plutonium in the + 3 state which is rapidly converted to the + 4 state upon heating with HNO3. About 5% of the plutonium as determined by TTA extraction is oxidized to + 6 under the conditions used In this work. Since the absorption of Pu VI on Dowex 1 is not as great as that of Pu IV, some plutonium (approximately 1% as determined by alpha counting) is found in the effluent and wash solutions. The small amount not retained by the resin, however, does not interfere m the spectrographic analysis.
Anion exchange separation as an analytical method for the determination of impurity elements m plutonium has been successfully apphed to the determination of zirconium in plutonium. The method should be applicable to the determination of other impurity elements in plutonium. Such apphcation is now being studied.
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